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ABSTRACT

Intervisibility characteristics are critical to ground
combat forces in shaping results of U.S. Army operational
tests. An important question is: "Are the results of a test
conducted at a specific test site valid for a different
deployment site?" This thesis develops a methodology to
Lelp answer this question. It commences sy tracing the
background studies of intervisibility analysis, and then
comparés by computer simulation the intervisibility
characteristics of several sites, and determines which sites
are most nearly alike, Transformation equations are
developed to facilitate extrapolation of certain continental
United States (CONUS) test results to selected outside
continental United States (OCONUS) sites.

Acceasion Por

FTIS GRARI l{__

PTIC TAB 0
Unannounced a
Justifieation _

By
Distribution/

Avallability Codes

lJAvail and/or

Dist Speaial

.B/‘ I




II.

I1I.

IV.

TABLE OF CONTENTS

INTRODUCTION...‘......Q...l...‘......l“..‘.‘l‘...

NEVELOPMENT OF TEST SITE INTERVISIBILITY
MATCHING AND RESULT EXTRAPOLATION.::cccctesssccccn

A L] HISTORICAL BACKGROUND ® & 5 s 9 0880 6 4 5 08 04 0 0t 4
B L] EXPLANATION OF TRP-Gsx ® & © 8 5 9 % P S e S NS S S S S S e O RS e
C. INTERVISIBILITY STATISTICS EMPLOYED....ccooceen

D. WHY TEST SITE INTERVISIBILITY MATCHING
AND RESULT EXTRAPOLATION IS NEEDED.......cs

CONDUCT OF THE SIWLATION...............l.........
A. SELECTION OF TEST AREAS AND DEVELOPMENT

SITESQOC.....0......".."‘......Q...It...l.l.'

B. TACTICAL SCENARIO CHOSEN FOCR THE SIMULATION....
C. ALGORITHM USED FOR DEVELOPING SCENARIOS........

D. COMPUTER PACKAGES EMPLOYED FOR DATA
ANALYSISANDGRAPHING......I..l......l.l...".-

E. SAMPLE SIZE AND DATA FORMAT OBTAINED FROM
SIWLATIONRUNSOC.. ..... *® % ¢ 0 % a8 s "0 %S S OO S s e B e S

F. COMPARISON OF CONUS TEST SITE AND OVERSEAS
DEPLOYMENT SITE INTERVISIBILITY...¢.ccoccecccns

G. EXTRAPOLATION OF EXPERIMENTAL RESULTS......c0..
H. CONSISTENCY WITH PREVIOUS STUDIES.:..c.cccoeesssns
EXPERIMENTAL RESULTS SUMMARY......it0tcencnsecrenn
CONCLUSIONS AND RECOMMENDATIONS. .vccetecvecsccscnn
A. CONCLUSIONS. cvveessassaossasscsesssocnas cesseas

B. RECOMMENDATIONS FOR FURTHER STUDY....... N

11
11
15
17

18
20

20
21
23

24
25

26
47
54
61
63
63
64




¥
APPENDIX A BEMPIRICAL CDF PLOTS..:icscestsscccsssssnces 66
APPENDIX B COMPARISONS OF FULDA GAP AND CONUS TEST

sITss S 5 9 6 505 09 805 0605 008 8 0600089 E PSSO OSSO E S NS eSS E SN 78
F APPENDIX C COMPARISONS OF QASROD DASHT, IRAN AND
L] CONUS TEST SITES T 0 6 0 8 % U & OB SO OSSN B S S S A0S0 SO OSSO B e 88

APPENDIX D COMPARISON OF SOUTH KOREA AND CONUS TEST

sITEs........ll..‘.................'..........QII...'.. 98

APPENDIX E FITTED PLOTS OF FULDA GAP, QASROD DASHT,
IRAN, SOUTH KOREA AND CONUS TEST SITES..cccssseecsssess 108

LIST OF REFERENCES.....I.I....l.......l....‘.ll‘.l..‘.l 1&3
INITIAL DISTRIBUTION LIST......‘I.II................Q-. 12‘

i . mimm e = A e SRR S B AR MRER SRGER S



AT T

] LIST OF TABLES
Sample Mean Values for Executed Scenarios........... 30
Sample Standard Deviations for Executed Scenarios... 31
Summary of Pairwise Chi-Square Statistics........... 39

Determination of Closest Scenarios (Based on
Chi‘squ‘tﬁ T.'t R.SUltB).............-........-..... 41

Determination of Closest Scenarios (Based on
smirnov T.st st‘ti.tic.......l‘l....l'l.'.'...Illl.. 43

Summary of Transformation Equations
for In-View and Out-Of-View Segment Lengths......... 49

Summary of Transformation Equations
for First Opening and Expected Opening Range........ S0

Summary of Transformation Equations for PLOS........ 51

Comparison of Means and Standard Deviations
Between Scenarios, FULDA GAP...c.cccvecsesccnnsaanss 55

Comparison of Means and Standard Deviations
Betweean Scenarios, FORT HUNTER LIGGETT (FHL)........ 56

Comparison of Means and Standard Deviafions
Between Scenarios, SOUTH KOREA.....ceescavteccseaness 957

Comparigson of Means and Standard Deviations
Between Scenarios, QASROD DASHT....:.ccvesveccccaess 58




2.1
3.
3.2
3.3
3.4

3.5

LIST OF FIGURES

Summary Statistics of TETAM Visibility Data....... 13
Reinforced Motorized Rifle Company Formation...... 22
Histograms, Fulda Gap SCONAri0...cicceessccccssnss 27
Frequency Histograms, Fulda Gap Scenario.......... 28

Box Plot Comparison of Mean In-View Segment
L‘ngth'."ll.ltﬁi........l....l.'ll.‘.‘.l.l....... 32

Box Plot Comparison of Mean Out-0f-View Segment
L.ngth'.I..Q0\0.l....Il.ll.".."ll.i..tl"."t... 33

Box Plot Comparison of Me&n First Opening Range... 34

Box Plot Comparison of Mean Expected Opening
R‘ng‘....‘.......l..l'."l.!...'l‘.ll!...t........ 35




1. INTRODUCTION

Operational testing of new equipment and organizations
in the U.S. Army is a major part of the Army acquisition and
force development system. The purpose of operational testing
is to determine how effective an organiszation, tactic, or
item of equipment is when subjected to realistic operational
environments. The Army conducts operational testing at
continental United States (CONUS) test sites, but plans to
fight its potential adversaries in Weatern Europe, South
Korea, and other outside CONUS (OCONUS) areas of national
concern. The dichotomy of testing systems and organizations
on designated terrain, while planning wartime utilization on
different terrain raises an important gquestion, "Are the
results of a test conducted at a specific test site valiad
for a different deployment site?"

Measures of effectiveness (MOEs) and measures of
performance (MOPs) are used to define key decision criteria
which help determine an operational test outcome.
Operational test managers determinre if a given system, piece
of equipment, or organization is superior to a competing
alternative by adhering to a decision process which is
heavily weighted on these criteria. Many MOEs are highly
dependent upon the existence of intervisibility or 1line of
sight between specified combatants. A few examples of

critical MOEs intimately related to intervisibility




conditions are: perxcentage of friendly and percentage of
enemy systems detected; percentage of friendly and
percsntage of enemy systems engaged: percentage of friendly
and percentage of enemy systems hit; loss exchange ratio;
and time within field of view.

Ground force intervisibility will be investigated with
the following objectives in mind. First, determine which
CONUS test sites have intervisibility characteristics most
similar to selected potential OCONUS theatres of operation.
Second, identify transformation functions capable of
transtforming the intervisibility characteristics of a given
CONUS test site to a selected potential OCONUS theatre of
operation. Last, develop a valid methodology to accomplish
the above intervisibility comparisons and transformations,
and describe possible applications in the U.S. Army test
community.

The study will specifically address intervigsibility
measurements at the overseas deployment sites of Fulda Gap
in the Federal Republic of Germany; Chaorwon and Munsan,
South Korea; and Qasrod Dasht, Iran. Comparisons and
analysis of intervisibility at the asbove three geographical
regions will be made with those test ranges located at Fort
Hunter Liggett (FHL), CA, Fort Irwin, CA, Fort Hood, TX, and
Yakima Firing Center, WA. Chapter Two explains the evolu-

ticn of intervisibility analysis from testing on actual
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terrain to simulation employing digital terrain, and traces
the development of intervisibility analysis techniques.
E Chapter Three describes the conduct of simulations and data
analysis used for this thesis, while Chapter Four summarizes
the results of these simulations. Finally, Chapter Five .

provides conclusions and recommendations.
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I1. DEVELOPMENT OF TEST SITE INTERVISIBILITY
"MATCHING AND RESULT EXTRAPOLATION

A. HISTORICAL BACXGROUND

Early terrain intervisibility studies conducted by the
U.S. Army and its allies were chartered to investigate the
effects of terrain on target detections and engageuents in
combat. [Ref. 1] Studies heave bheen accomplished both
manually on the terrain of interest, and by computer
simulation utilizing digital terrain maps. Manual tests
conducted by the U.S. Army include the Tactical
Effectiveness Testing of Antitank Missile Systems (TETAM),
conducted in West Germany, Fort Hunter Liggett, CA, and Fort
Lewis, WA. Two additional tasts of importance include HELAST
II, conducted at Fort Knox, KY, and the Swedish S-Tank
Agility/Survivability Evaluation (STAGS), accomplished at
Fort Knox and Fort Bliss, TX. Chinese Eye was another such
test conducted by the United Kingdom (U.K.) in the U.K. zone
of West Germany. Review of thuse studies suggested the
TETAM visibility study directad by the U.S. Army Combat
Developments Experimentation Command (CDEC) in 1972 is most
applicable to this study. TETAM investigated thae
intervisibility aspects of specific scenarios conducted over
varying terrain, specifically the Fulda Gap and North German
Plain regions of West Germany, Fort Hunter Liggett, and Fort

Lewis. The intervisibility statistics considered in TETAM

11
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inciuded probability of line of sight (PLOS), and visible
segment lengths. These were gathered by manual observation
of a simuiated attacking firce by a defending force equipped
with antitank missiles. Attack routes were designated by the
attacking tank commanders, and tank movements were simulated
by moving target boards. This aspect of the attack scenario
was not considered tactically realistic by subsequent
reviews. [Ref. 1] The entire study took well over & year to
complete, with the data collection in Germany extending from
April through June 1972, and the CONUS sites from September
through Deceinber 1972. A summary of several intervisibility
statistics resulting from the TETAM study is provided in
Figure 2.1. Results of the TETAM study are interesting, but
applicability to CONUS test site selection is limited due to
the small number of sites selected for stﬁdy, the limited
number of intervisibility statistics obtained, and the
questcionable tactical realism employed.

A second applicable intervisibility study is the
Tactical Terrain Intervisibility Classification Study,
conducted by the U.S. Army Training and Doctrine Command
Analysis Center (TRAC). [Réf. 2] This five year study
developed intervisibility information characteristic of
military environments, and determined whether a terrain
classification system could be developed which could capture

these charactsristics. [Ref. 2] Twenty-three scenarios were
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Figure 2.1 Summary Statistics of TETAM Visibility
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simulated in the study, fourteen in West Germany, three in
South Korea, four in the Middle East, and two in Australia.
Although task organizations ﬁere modified to match the
terrain involved for some scenarios, the general scheme of
maneuver in each scenario was intended to represent a Warsaw
Pact (Red) regimental sized force attack on a U.S. (Blue)
battalion task force, while employing the appropriate
tactics and force dispositions of each. The simulation was
run on TRP-GSX, a computer program which was written
specifically for the study. TRP-GSX allows the simulated
maneuver of selected ground forces over a specific piece of
terrain, producing the following intervisibility
statistics: probability of line of sight (PLOS), in-view
segments lengths, out-of-view segment lengths, first opening
range, and expected opening range. Definitions and
description of these statistics are provided in Chapter
Three.

The Tactical Terrain Intervisibility Classification
Study included a development of methodology to estimate
intervisibility conditions in a region without resorting to
large-scale field tests. This feat was accomplished by
development of a predictive model which transformed the
inherent Natick Laboratory landform characteristics of
specified terrain into the five intervisibility statistics

listed above. These models produced predictions that were in

14




errnr by as much as twenty-five percent. Intervisibility
cl.aracteristics were found tv be highly sensitive to
vegetation and urban clutter differences, typ.cally causing
much of this error. [Ref. 2]

Apparently no study has been conducted by the U.S. Army
to compafe intervisibility statistics of CONUS test sites
with potential OCONUS deployment sites. This suggests that
the results of testing at CONUS test sites have unknown
applicability to the OCONUS terrain on which the tested

system may be expected to deploy.

B. EXPLANATION OF TRP-GSX

As described previously, the TRP-GSX program was
developed by the TRADOC Analysis Center-White Sands Missile
Range (TRAC-WSMR). It was used exclusively during the
Tactical Terrain Intervisibility Classification Study *o
determine intervisibility statistics from various simulated
battles. TRP-ésx is a highly flexible program, allowing the
use of varied digital terrain, and tactical formations which
can be realistically modified to match the wvaried terrain.
The output of appropriate intervisibility statistics,
coupled with its flexibility, made TRP-GSX the obvious
choice for use in this thesis.

The Defense Mapping Agency (DMA) digitized terrain
employed in TRP-GSX has elevation and terrain

characteristics plotted every 12.5 meters. The established
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accuracy for DMA digitized terrain is that 90 percenc of all
well-defined features ara accurate *o within 25 meters for
the horizontal axis, and for the vartical axis, 90 percent
of all contour intervals are correct to within one-half
contour interval.

TRP-GSX uses a modified DYNTACS line of sight algorithm,
)which takes an intervisibility polling every second during a
prescribed scenario, with one meter range or distance
resolution. DYNTACS is a high resolution combat simulation
developed by the U.S. Army in the 1960's. The presance or
non-presence of intervisibility between attacker and
defender are then transformed into the five intervisibility
statistice for output. Reasons for loss of intervisibility
include terrain blockage, vegetation blockage of more than
100 meters (variable), and blockage dus to urban features.
Vehicle speeds and heights were set at twenty-five meters
per secord and twc meters respectively for this study.
Routes for vehicles are specified prior to the simulation
runs, ané are Jesigned to simulate the movement of wvehicles
in realistic tactical formations. Whether or not a
particular avenue of approach will support movement of a
certain tactical formation is left to the discretion of the

simulation planner.
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C.- INTERVISIBILITY STATISTICS EMPLCYED

This section will provide definitions for the five
statistics used in the Tactical Terrain Intervisibility
Classification Study as well as in this study, and will
offer explanation of their importance.

In-view segment lengths, measured in meters, are defined
as the distances travelled along an attack route in which
the attacker is visible to a defender. Out-of-view segment
lengths are just the opposite, being those distances
travelled in line of sight defilade. In-view and ocut-of-view
segment lengths are important intervisibility measures as
they provide information about engagement duration at
various ranges. This is especially critical for low velocity
wire-guided antitank weapons.

First opening range is the distance at which the
attacker first becomes visible to the defender. Expected
opening range, the mean of all ranges at which a defender
gains line of sight with an attacker, is necessarily less
than or equal to first opening range; both of which are
measured in meters. First opening range and expected opening
range give us an indication of where our direét fire
weapons should be able to make initial and subseguent
engagemants «f enemy forces. This is an important aspect for
all direct fire systems, as maximum ranges and maximum

effective ranges may dictate whether a weapon system hits

17




the target. Both also give an indication of standoff range
from the target, which can be vitally important to system
survivability.

Probability of line of sight (PLOS) is defined as the
likelihood intervisibility exists between a defender and
attacker. This probability is estimated as a function of
range. We would normally expect to find increasing PLOS as
the range between attacker and defender decreases. A plot of
PLOS versus range does not represent a probability
distribution, as "cumulative PLOS" at a given range is
meaningless. However, for a given range, the value of PLOS
can provide insights into the intervisibility aspects of the
terrain being investigated. A PLOS curve provides
information about the engagement opportunities available
with respect to range. These opportunities are a function of
observer height, target height, platform altitude, range,
surface clutter, and terrain roughness. [Ref. 2]

D. WHY TEST SITE MATCHING AND RESULT EXTRAPOLATION IS

NEEDED

After conducting an operational test of several
competing major weapon systems, the decision as to which
system is superior must be made. The results of the test
depend on the test terrain and environment experienced
during the test. It is entirely possible a system which is

found sﬁperior in a CONUS test may be inferior i1in a

18




Adifferent set of terrain conditions. Due to monetary and
political constraints, new systems and organizations are not
roﬁtinely tested on overseas terrain until late in the
acquisition cycle, i.e. full-scale production and fielding.
This study will provide a systematic approach designed to
quantify how certain CONUS sites and OCONUS deployment sites
are similar, then explain how intervisibility statistics
can be extrapolated to arsas where armed conflict is most

likely.
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III. CONDUCT OF THE SIMULATION

A. SELECTION OF TEST AREAS AND DEPLOYMENT SITES

Seven geographical areas were chosen for analysis in
this study, three overseas deployment sites and four CONUS
test sites. Overseas sites ware picked. based on their
importance to our national interest, and on the availability
of digitized terrain. The Fulda Gap area is of vital
interest to the U.C. Army, and was selected due to the
United States' strong general defense commitments in that
area. Cheorwon and Munsan South Korea 1lie near the
demilitarized zone splitting the Korean peninsula, and may
experience deployment of units from the Eighth U.S. Army in
time of hostilities. One area in Iran, Qasrod Dasht, was
selected for study and analysis.

CONUS test site selection was based on historical
location of U.S. Army operational testing, and areas
currently available for that purpose. Fort Hunter Liggett
(FHRL) is used heavily for Army operational testing and is
the main 1location used by CDEC. Fort Hood is extensively
used for testing by the TRADOC Analysis and Test Activity
(TCATA). Yakima Firing Center is utilized for testing by the
Army Development and Education Activity (ADEA), and CDEC
Board. Fort Irwin currently does not support extensive

testing:; however, due to the large maneuver area and test
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support instrumentation already on site, Fort Irwin was

analyzed because it is a potential test site.

B. TACTICAL SCENARIO CHOSEN FOR THE SIMULATION

The objective in facticll scenario selection was to
select a scenario which could be xun realistically at all
seven sites being investigated. The tactical force sizes
utilized should be supported by the terrain, and the arrays
of forces should be doctrinally sound. [Ref. 3,4] To ensure
a scenario that was universally valid over all of the sites
selacted for study, the most restrictive site dictated the
force structure simulated for all. Of 21l sites considered,
Fort Hunter Liggett (FHL) was by far the most restrictive,
supporting much less than a battalion in the attack and a
company in defense. Thus, a Warsaw Pact reinforced motorized
rifle company, consisting of ten infantry fighting vehicles
(BMP) and four tanks, was crosen as the attacking force. A
wechanized infantry platoon equipped with four M2 Bradley
fighting vehicles was selected for the defensive force.

The reinforced motcrized rifle company was organized to
attack ir a column of platoons con line with the tank platoon
leading in accordance with Soviet doctrine (Figure 3;1).
This formation could be doctrinally supported at all of the
sites in qusstion, so it was used throughout the study. The
U.S. mechanized infantry platoon was positioned facing the

motorized rifle company axis of advance, which constituted a

21
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> D

TANK

[] BMP (Organic to motorized
rifle platoon)
T PLATOON LEBADER

f COMPANY COMMANDER
This formation is employed by Warsaw Pact forces 1-3
kilometers from enemy forward line of troops.

The distance between motorized rifle platoons is 200-300
meters.

The distance between BMPs is 50 meters.
The distance between tanks is 100-150 meters.

The BMPs are 100-4u0 meters behind the tanks.

Figure 3.1 Reinforced Motorized Rifle Company Formation:

column of platoons on line, tank platoon leading.
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high speed armor avenue of approach. Vehicles organic to the
platoon were deployed on line with an interval of 50 to 150

meters between vehicles as dictated by terrain.

C. ALGORITHM USED FOR DEVELOPING SCENARIOS

Once an area of interest was selected for study, e.g.
Fulda Gap, the following algorithm was utilized to choose
the positions occupied by defensive forces, and attack
routes to be followed by the attacking forces. An elament of
randomness was introduced to help prevent bias in the
selection of defensidble terrain.

l. Select a random four digit universal transverse
mercator (UTM) grid coordinate from the area of
interest.

2. Deterxrmine if defensible terrain exists in the
identified 1000 meter grid sguare that would
accommodate a mechanized infantry platoon battle
position. If such terrain exists, proceed to step
three; if not, go back to step one.

3. Determine if the chosen platoon Dbattle position
can cover a high speed reinforced motorized rifle
company avenue of approach with direct fire. If the
answer is yes, proceed to step four; if no, return
to step one.

4. Position the four mechaniszed infantry platoon vehicles
on line in the designated battle pouition, allowing 50
to 150 meter intervals between vehicles, depending on
the terrain.

5. Position the reinforced motorized rifle company in
excess of 4000 meters from the platoon battle
position. Thus the attacking force will be located
outside of direct fire range of the platoon's
organic weapons at the commencement of the
simulation. Where the direction of enemy avenues of
approach ars known, for example Fulda Gap and Korea,

23
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position the reinforced motoriszed rifle company to
approach from that general direction.

6. Using the TRP-GSX program, maneuver the reinforced
motorized rifle company along the designated avenue of
approach and close with the platoon battle position.
The formation employed will be column of platoons on
line, tank platoon leading.

7. Replicate this procedure until the desired number of
samples are obtained from the simulation.

D. COMPUTER SUPPORT UTILIZED FOR SIMULATION, AND DATA

ANALYSIS

The simulation program, TRP-GSX was executed using TRAC-
WSMR's Univac 1100/80 computer system, available with Varian
interface and Ramtec monitor. Data entry for scenarios was
accomplished by key-punching UTM grid coordinates for each
vehicle in the platoon battle position, and the center of
mass for the lead element of the attacking formation.
;urning points on the red axis of advance were designated by
grid coordinate to steer the attacking force aslong its axis
of advance. A Programming Language (APL), version 4.0, was
used to perform initial data analysis, determining means,
standard deviations, and mediana. [Ref. 5] Minitadb release
5.1 on the IBM 3033 mainframe computer was utilized to
determine chi-square statistics through the contingency
table method. [Ref. 6] Grafstat Version 1/87, also on the
IBM 3033 was used to plot PLOS distributions, quantile-
quantile (Q-Q) plots, fitted Q-Q plots, box plots, and

frequency histograms. [Ref. 7] The use of Statgraphics
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version 2.0 facilitated the plotting of additional frequency
histograms for non-averaged data. (Ref. 8)

E. SAMPLE SIZES AND DATA OBTAINED

TRP-GSX was programmed ¢to produce statistics by
defensive poeition; thus a read-out of of in-view and out-
of-view segment lengths, and first and expected opening
range was provided for each platoon battle position. The
mean for each of these four statistics was detarmined, with
the two segment length statistics and expected opening range
sAampi® .08 ranging from 35 to 320 observations per platoon
battle pocition} First opening range remained constant at 56
observations per platoon battle position, as fourteen
targets seen by each of four defending vehicles equals 56.
For all the mentioned statistics, one observation is defined
as one individual defender gaining or losing line of sight
with an individual attacker.

The mean values for in-view and out-of-view segment
length, and first and expected opening range were chosen to
represent the intervisibility characteristics of each battle
position, as data from the TRP-GSX program were historically
presented in that form. Twenty platoon battle positions,
that is, eighty individual defending vehicles deployed as
per the algorithm, were chosen as the sample size for each
region investigated. Although a sample size of twenty seenms

relatively small, each of the twenty means was determined
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from a much larger sample size as described in the preceding
paragraph.

To investigate the validity of employing mean values
versus raw observations, histograms were plotted for the
Fulda Gap scenario, one using the platoon battle position
means (Figure 3.2), and the other with raw observations
(Figure 3.3). At issue was the normalizing effects of the
central 1limit theorem. Normalizing effects did not
mnaterialize to any great degree, as inspection of these two
different frequency histograms reveals. Therefore, the
standard output of means for the first four intervisibility
gtatistics was adopted.

The fifth intervisibility statistic, PLOS, was produced
by TRP-GSX as a function of 100 meter increments from 0O to
4000 meters in range. Typical sample sizes for the
estimation of PLOS at each range were about 200 observations
for each platoon battle position. Combining the results of
all 20 iterations produced a Qquite large sample size of over
4000 observations at each site.

F. COMPARISON OF CONUS TEST- SITE AND OVERSEAS DEPLOYMENT

SITE INTERVISIBILITY

In choosing a location to test a weapon system, the
intervisibility characteristics of terrain should play a
role in our decision. To determine how two secctions of

terrain are similar, intervisibility, trafficability, and
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Figure 3.3 Frequency Histograms, Fulda Gap Scenario




meteorological condition comparisons should be made. As this
study 1s limited to investigating intervisibility, this
section compares intervisibility characteristics of the
seven geographical regions of interest. The format of
A comparisons will be to first compare Fulda Gap with the four
CONUS sites, then likewise sequentially for Qasrod Dasht and
South Korea.

For a gross comparison of Fulda Gap with the four CONUS
sites, we first explore overall sample mean values (Table
1), overall sample standard deviations (Table 2), and box
plots (Figures 3.4, 3.5, 3.6, 3.7) obtained for each region.
Table One shows the means for in-view and out-of-view
segment lengths, first and expected opening range, and PLOS.
Based on the sample of simulation iterations, the Fulda Gap
mean in-view segment length appears most like Fort Hunter
Liggett (FHL) and Fort Hood. Fulda Gap mean out-of-view
segments, mean first opening range, and mean PLOS apparently
fail to align closely with any of the CONUS test sites. Mean
expected opening range seems closest to that of FHL in this
gross comparison. Table 2 exhibits sample standard
deviations for all seven scenarios. These statistics give a
rough indication of the lateral spread of wvalues for each
scenario's intervisibility results. Fulda Gap has similar
standard deviations to FHL for all intervisibility

statistics except out-of-view segment 1length. In-view
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|

segment length standard deviation compares favorably between
Fulda and Fort Hood; however, the other four statistics do
not.

Box plots of mean in-view segments for all seven
scenarios are included as Figure 3.4, while Figures 3.5,
3.6, and 3.7 display mean out-of-view segments, mean first
opening range, and mean expected opening range respectively.
The means referred to in Figures 3.4 through 3.7 are those
of the platoon battle positions produced by each iteration
of the simulation. The box plot symbols are interpreted as
follows: the horizontal bar inside a box indicates the
location of the median, a circle inside the box is the mean,
& box delineates the size of the inter-quartile range (IQR);
data shown as an "x" lie within one IQR of the median, those
shown as a small circle lie within 1.5 IQR, and solid dark
circles lie outside 1.5 IQR of the median. Values of the
statistics of interest increase as one reads vertically up
the plot.

Based on inspection of Figure 3.4, Fulda Gap in-view
segment 1§ngths are aligned most closely with FHL and Fort
Hcod. Mean out-of-view segmeht lengths, (Figure 3.5), show
Fulda closest to FHL and Fort Irwin. Analyzing Figure 3.6,
mean first opening ranges, reveals Fulda Gap dissimilar from

any CONUS site. Mean expected opening range shown as
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Figure 3.7, presents reasonable similarity between Fulda,
FHL, and Fort Hood.

The same gross comparison process was next accomplished
for Qasrod Dasht Iran versus the four CONUS scenarios. Based
on evaluation of overall sample means and sample standard
deviations, Qasrod Dasht seems closely matched with Fort
Irwin for all five intervisibility statistics. No other
CONUS 1locations favorably compare with this overseas
location. Analysis of Figures 3.4 and 3.5, suggestas Qasrod
Dasht and Fort Irwin are the most similar of the options.
Comparison of Qasrod Dalhﬁ and Fort Irwin in Figure 3.6 is
less convincing, as first opening range distributions are a
poor match. Figure 3.7, mean expected opening range, shows
Qasrod Dasht and Fort Irwin are aligned somewhat similarly.

For the final set of gross comparisons, South Korea was
considered. Across all five statistics shown in Tables 1 and
2, South Korea compares most closely with FHL, with FHL
having higher values in all categories except PLOS.
Considering the box plot information, South Korea mean in-
view and out-of-view segment plots seem most comparable with
FHL, and next closast to Fort Hood. Mean first and expected
opening range for South Korea appear similar to both FHL and

Fort Hood.
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Based on this cursory analysis, the OCONUS-CONUS
combinations which merit more detailed inspection are: Fulda
Gap-FHL, Fulda Gap-Fort Hood, Qasrod Dasht-Fort Irwin, South
Korea-FHL, and South Kores-Fort Hood.

More sophisticated comparison techniques follow for the
three overseas deployment sites sad four CONUS test sites.
First, a‘chi-:quaro goodness of fit test was accomplished
usirg the contingency table method (Ref.9]. Increments 800
meters wide were formed, so there were five increments
covering the 4000 meter range for each geographical region.
BEach overseas deployment site was evaluated pairwise with
each CONUS teat site, producing the chi-gsquare statistics
shown in Table 3. Here a lower test statistic indicates less
difference in the two regions being esvaluated; however, the
degrees of freedom must be considered when determining the
significance of a chi-squared test statistic. Selecteqd
critical values from a chi-square table are provided in
Table 3 to facilitate interpretation of the statistics'
significance. Fulda Gasp-FHL, Qasrod Dasht-Fort Irwin, and
South Korea-FHL seem to be the pairs most alike across the
four statistics of mean in-view and out-of-view segment
lengths, and mean first and expected opening range. The
Fulda Gap-Fort Hood combination shows promise as a runner-up

to Fulda-FHL closeness.
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TABLE 3. SUMMARY OF PAIRNISE CHI-SQUARE STATISTICS
TEST STATISTIC(TS) / DEGREES OF FREEDOM(DF)

:N OU:-OF-VI“ %ﬁ E:P Oggb)l
FULDA-FHL 4.11(3) 5.54(3) 9.33(¢) 5.02(3)
FULDA-IRWIN 6.89(3) $.00(4) 15.84(4¢) 16.32(4)
FULDA-YAK 15.33(4) 5.81(3) 17.09(4) 23.58(4)
FULDA-HOOD 5.72(1) 14.00(3) 14.22(4) 3.95(2)
QASROD-FHL 15.57(3) 6.73(3) 15.44(4) 14.67(4)
QASROD-IRWIN 3.26(3) 4.62(4) 10.51(4) ?7.78(4)
QASROD-YAK 8.06(4) 3.15(2) 8.76(4) 8.56(3)
QASROD-HOOD .09(1) 17.67(3) 20.52(4) 17.02(4)
KORBA-FHL 3.09(1) 1.71(3) 4.39(4) 4.29(4)
KOREA-IRWIN 4.56(2) 11.11(4) 20.51(4) 10.28(3)
KOREA-YAK 17.05(4) 12.52(3) 21.09(4) 22.75(4)
KOREA-HOOD 4.29(1) 7.98(3) 8.97(4) 4.59(3)
CHI-SQUARE DISTRIBUTION TABLE
P= .75 P = .50 P= .95
DF = 1 1.323 2.706 3.841
2 2.773 4.605 5.991
3 4.108 6.251 7.815 %
4 5.385 7.779 9.488 |
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A schems was developed to combine the chi-square results
of the four 1l1listed statistics, providing a method to
indicate the overall closest overseas/CONUS pair. Equation
3.1 was utilized for this purpose. The use of the chi-
square .95 gquantile with n-1 degrees of freedom as a
normalizing factor, facilitated the combination of chi-
square statistics with different degrees of freedom. Results
of this ad-hoc procedure can be viewed in Table 4. Total
adjusted chi-square test statistics for the combinations of
Fulda-FHL, Qasrod Dasht-Fort Irwin, and South Korea-¥FHL are
the lowest in their respective OCONUS-CONUS categories.
Thus, these combinations are deemed to be the closest
OCONUS~-CONUS combinations, in terms of the four
intervisibility statistics utilized.

Xh oD XouivondDF) | XirstopenDP) | Xexp open(DF)

Xidjtoral’
X4s(0P X4s(DF) Xys(DF) xXis0p

EQUATION 3;1

To lend support to the results of the chi-square
gozdness of fit test, the Smirnov test was employed to test
whether or not the distributions for the OCONUS-CONUS pairs
being analyzed were identical. [Ref. 9] The null
hypothesisg, Ho: F(x) = G(x) , for all x, is indeed an
unrealistic hypothesis if interpreted 1literally. This is
because we know the OCONUS and CONUS populations do not have

identical cumulative distribution functions (CDF'S), F(x)
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TABLE 4. DETERMINATION OF CLOSEST SCENARIOS
(BASED ON CHI-SQUARE TEST STATISTICS)

IN-VIEW OUT-OF-VIEW FIRST OPEN EXP OPEN TOTAL

FULDA-FHL .53 .71 .98 .64 .86*
| FULDA-IRWIN .88 .53 1.67 1.72 4.80
FULDA-YAK  1.62 .74 1.80 2.48 6.64
FULDA-HOOD  1.49 1.79 1.50 .66 5.54
QASROD-FHL  1.99 1.13 1.63 1.55 6.30
QASROD-IRWIN .42 .49 1.11 .82 .84*
QASROD-YAK .85 .53 .92 1.09 3.39
QASROD-HOOD  .023 2.26 2.16 1.79 6.23
KOREA-FHL .80 .22 .46 .45 .93*
y KOREA-IRWIN .76 1.17 2.16 1.31 5.40
‘ KOREA-YAK  1.80 1.60 2.22 2.40 8.02
KOREA-HOOD  1.12 1.02 .95 .59 3.68
NOTE: THE FIRST FOUR COLUMN ENTRIES ARE THE
CHI-SQUARE STATISTICS FOR THE LISTED
INTERVISIBILITY  CHARACTERISTICS. THE
TOTAL COLUMN IS DERIVED VIA EQUATION 3.1.
* DENOTES THE SMALLEST SUM OF CHI-SQUARE

STATISTICS IN EACH GROUPING OF THE THREE
OVERSEAS AREAS CONSIDERED




and G(x) respectively. However, the Smirnov test statistics
provide a second indicator of how close the pairs of
distributions are. Smirnov statistics are provided in Table
5. Empirical cumulative distribution plots are provided in
Appendix A. The test statistic for each plot, T, is defined
as shown in Equation 3.2 for the two-sided test employed. In
this equation, S;(x) and S,(x) are the empirical
distribution functions based on the random samples drawn

from the selected OCONUS site and CONUS site respectively.

T = SUP[ Six) = 5 1]
EQUATION 3.2

The point where T is determined is shown in each plot in
Appendix A by the doubled-headed arrows. Lower values of T
for a scenario pair indicate less difference in the paired
CDF's. Smirnov statistics were recorded for each of the four
intervisibility statistics, then summed to obtain an overall
closeness indicator shown in the total column of Table 5.
CDF's for OCONUS and CONUS sites can be distinguished by
noting the listed OCONUS CDF is the same for all four
displayed graphs. Results were consistent with the combined
chi-square measure, as Fulda-FHL, Qasrod Dasht-Fort Irwin,
and South Korea-FHL all had the closest OCONUS-CONUS fits.
There were minor inconsistencies in the determination of the

third and fourth closest combinations for the Qasrod Dasht

region.
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FULDA-FHL
FULDA-IRWIN
FULDA-YAK

FULDA-HOOD

QASROD-FHL
QASROD- IRWIN
QASROD-YAK

QASROD-HOOD

KOREA-FHL
KOREA-IRWIN
KOREA-YAK

KOREA-HOOD

NOTE: THE FIRST FOUR COLUMN ENTRIES ARE THE SMIRNOV

TABLE 5. DETERMINATION OF CLOSEST SCENARIOS
(BASED ON SMIRNOV TEST STATISTICS)

IN-VIEW OUT-OF-VIEW FIRST CPEN EXP OPEN TOTAL
.30 .35 .55 .40 1.60%
.35 .35 .50 .45 1.65
.65 .50 .65 .75 2.55
.25 .55 .65 .35 1.80
.55 .45 .65 .65 2.30
.15 .25 .25 .10 .75%
.40 .35 .45 .35 1.55
.40 .65 .75 .60 2.40
.30 .15 .30 .25 1.00*%
.35 .45 .60 .45 1.85
.65 .55 .75 .75 2.70
.30 .45 .45 .30 1.50

STATISTICS FOR THE LISTED INTERVISIEILITY
CHARACTERISTICS. THE TOTAL COLUMN IS THE SUM
OF COLUMNS ONE THROUGH FOUR.

* DENOTES THE SMALLEST SUM OF SMIRNOV STATISTICS

IN EACH GROUPING OF THE THREE OVERSEAS AREAS
CONSIDERED
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An attempt to formally test for equality of PLOS
profiles did not reveal interesting results. The equality of
6CONUS-CONUS PLOS was tested at selected ranges, which were
designated "PHAT" values. These were chosen at 800 meter
intervalsg, in an attempt to reduce inherent PLOS dependency
within small range increments. The normal approximation to
the binomial distribution was utilized due to the large
sample size of 4000 or more observations for each PHAT.
Calculated standard normal Z statistics were extremely large
for almost all OCONUS-CONUS combinations, due to the large
sample sizes and corresponding small variances. Thus, using
Fisher's method to combine probability values was not
productive, as the vast majority had values of essentially
zero.

Further comparisons of the Fulda Gap scenario with CONUS
test sites can be viewed in Appendix B. PLOS comparisons are
exhibited as Figure B.l and Figure B.2. Similarities of
Fulda Gap, FHL, and Fort Hood are readily apparent.
Empirical quantile-quantile (Q-Q) plots of mean in-view and
out-of-view segment lengths, and mean first and expected
opening range are included for all combinations of sites.
Each Q-Q plot is followed by a frequency histogram for the
corresponding intervisibility statistic. Histograms were

limited to the top three CONUS comparison contenders, as

44




determined from the chi-square test statistics shown in
Table 3.

The Q-Q plots are designed to show differences and
similarities in two paired distributions. Q-Q plots having
data points lying linearly along the solid center 1line
indicate the two distributions are nearly equal. Other
linear relationships deviating from the center line indicate
the distributions have the same general shape. fRef.lO]
Differing distribution shapes can be recognized by non-
linear relationships, erratic crossings of the center 1line,
and numerous "outlying" data pairs.

The possibility exists that Q-Q plots of means might
indicate linear relationships, although the underlying
individual statistics may have different distributions. The
central limit effect may be responsible for causing some
linear Q-Q plots.

There 1is a correspondence between the information
provided on Q-Q plots and the corresponding frequency
histograms. For example, mean in-view segment lengths for
Fulda Gap-FHL (Figure 8.3); show Fulda as having segment

lengths greater than those for FHL in all but one data pair.

We then expect the histograms for mean in-view segment
length to show FHL more skewed towards short segment lengths
than Fulda. This expectation can be verified by examining

Figure B.4. Similar analysis and conclusicns may be deduced
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for mean out-of-view segment lengths, and mean first and
expected opening range.

Analysis of results summarized in Appendix B reveals the
following conclusions about comparisons for the Fulda Gap
scenario:

1. the PLOS curve for Fulda Gap seems most sinilar to
those of FHL and Fort Hood,

2. mean in-view segments for Fulda are closest to FHL,

3. mean out-of-view segments are most similar to FHL and
Fort Irwin, and

4. mean first and expected opening range similarities
exist between Fulda Gap, FHL, and Fort Hood.

Graphical comparisons for Qasrod Dasht and South
Korea may be viewed in Appendix C and D respectively.
Conclusions concerning results shown in Appendix C are
summarized below.

1. The Qasrod Dasht PLOS curve is most similar to that of
Fort Irwin; however, Fort Irwin has large gaps of low
PLOS near the 1400 and 2700 meter range marks, whereas
Qasrod Dasht is smoother.

2. Mean in-view and out-of-view segment distributions,
and mean first and expected opening ranges are closest
between Qasrod Dasht and Fort Irwin.

3. Somewhat linear relationships are apparent in many of
the provided Q-Q plots, suggesting similarly shaped
distributions varying in location and scale factors.

Analysis of results in Appendix D, the South Korea

comparisons, suggest the following.

46




1. South Korea and FHL PLOS curves are very closely
distributed, with similar shape and magnitude of PLOS
across their range. The Fort Hood PLOS curve shows
similarities over the same range, but has higher PLOS
than South Korea at shorter ranges.

? 2. For the four remaining intervisibility statistics, FHL
compares most favorably with South Korea. Linear
relationships between FHL and South Korea exist for
each statistic, with mean out-of-view segments and
mean cxpected opening range distributed close to the
center 1line. Fort Hood distributions are second
closest to South Korea in all four statistical
categories.

3. As in the Fulda Gap and Qasrod Dasht compariscns,
linear relationships on completed Q-Q plots are
suggested in several cases.

G. EXTRAPOLATION OF EXPERIMENTAL RESULTS

Given a specified operational test mission, the prudent
test manager might consider conducting the test on the
closest matching available terrain on which the tested
system is expected to be employed. Two problems arise. First
is the obvious problem of test site availability . If after
considering terrain alikeness, the best test site terrain is
unavailah's, then extrapolation of experimental results
should bte utilized. Second, it is unlikely one test site can
suffice properly for all inferences, thus further showing
the need for result extrapolation for overseas areas of
interest. This section will describe methods for

extrapolating intervisibility results.

Twe metrcus were employed to obtain linear

transformation equations for each possible overseas/CONUS
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combination. The first method concerned transformation
equations for PLOS. Values of PLOS for each overseas/CONUS
combination were recorded and plotted against each other,
producing a data point every 100 meters along the 4000 meter
range. A least square line [Ref. 10] was fit to the data.
The second method for the other four statistics, mean in-
view and out-of-view segments, and mean first and expected
opening range, utilized standard Q-Q plots, followed by the
same least square line fit ptoc;duro. The 1last four
statistics had 19 data points plotted versus 20 as the 20th
point was removed as an outlier. The least square 1line
fitting procedure provides a linear approximation for the
conversion of CONUS intervisibility statistics to OCONUS.
Resulting equations from the procedure are provided in
Table 6. Appendix E containg plots in the same customary
order as used in Appendices B, C, and D. As should be
expected, the best line fits resulted from those scenarios
with the closest overall comparisons. Equations from
scenarios with poor fits should not be discarded, but the
validity of transformations conducted with such equations is
probably less than those with good fits. The reader is
invited to base transformation validity decisions on the
least square line fits exhibited in Appendix E, and by the
provided RSQUARED values.
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TABLE 6. SUMMARY OF TRANSFORMATION EQUATIONS FOR

FULDA-FHL

FULDA-IRWIN

FULDA-YAK

FULDA-HOCD

QASROD-FHL

QASROD~-IRWIN

QASROD-YAK

QASROD-HOOD

KOREA-FRL

KOREA-IRWIN

KOREA-YAK

KOREA-HOOD

IN-VIEW AND OUT-OF-VIEW SEGMENT LENGTHS
(RSQUARED VALUES SHOWN IN PARENTHESES)

Y

IN-VIEW
= -259.51 + 1.89X
(.872)
= 202.17 + 0.45X
(.846)
= 185.31 + 0.26X
(.875)
= 117.67 + 0.68X
(.730)
= -1162.70 + 4.79X
(.885)
= -37.54 + 1.20X
(.946)
= -36.70 + 66X
(.890)
= -296062 + loasx
(.865)
= -510.08 + 2.22X
(.924)
= 29.01 + .53X
(.905)
- 15.95 + .30X
(.907)
= =-82.62 + .82X
(.818)
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OUT-OF-VIEW

-329.34 +
(.916)

397.03 +
(.869)

245.16 +
(.969)

-1192.20 +
(.915)
-282.91 +
(.905)

321.64 +
(.845)

192.21 +
(.969)

-1001.40 +
(.909)
40.03 +
(.978)

703.24 +
(.706)

565.48 +
(.886)

-676.79 +
(.974)

1.04X

L] Bzx

1.76X

1.29X

.86X

67X

- . ‘7x

1.07X

.87X

. 60X

1.36X

1.07X




TABLE 6.

FULDA-FHL

FULDA-IRWIN

FULDA-YAK

FULDA-HOOD

QASROD-FHL

QASROD-IRWIN

QASROD-YAK

QASROD-HOOD

KOREA-FHL
KOREA-IRWIN
KOREA-YAK

| KOREA-HOOD

SUMMARY OF TRANSFORMATION EQUATIONS FOR
FIRST OPENING AND EXPECTED OPENING RANGE
(RSQUARED VALUES SHOWN IN PARENTHESES)
(Continued)

FIRST OPENING RG EXPECTED OPENING RG

Y = 465.15 + 1.15X Y= 216.83 + 1.11X
(.893) (.957)

Y = 283.07 + .%1X Y = 245.34 + .62X
(.818) (.888)

Y = -1657.10 + 1.08X Y= -715.19 + .87X
(.756) (.978)

Y = -962.49 + 2.37X Y= -85.62 + 1.37X
(.963) (.940)

Y = 833.67 + 1.31X Y = 307.87 + 1.54X
(.796) (.938)

Y = 510.04 + .73X Y = 340.73 + .8B6X
(.812) (.878)

Y = "1895.30 + 1032x Y = "9‘9.73 + 1-19x
(.772) (.938)

Y = ‘91‘.50 + 2.B°x Y = -159.16 + 1-93x
(.917) (.966)

Y = 297.30 + 1,03k Y = 71.46 + 1.17X
(.853) (.927)

Y = 160.98 + .54X Y = 88.12 + .66X
(.757) (.879)

Y = -1560.00 + .96X Y = -872.97 + .89X
(.703) (.921)

Y = -961.08 + 2.11X Y= -292.12 + 1.47X
(.906) (.967)
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TABLE 6. SUMMARY OF TRANSFORMATION EQUATIONS FOR PLOS
(RSQUARED VALUES SHOWN IN PARENTHESES)

(Continued)

PLOS

NLDA‘FHL Y = . 1‘9 + .aﬁax
(.821)

FULDA-IRWNIN Y= =,707 ¢+ 1.907X%
(.728)

FULDA-YAK Y= =,977 + 1.838X
(.491)

FULDA-HOOD Y= 219 + .643X
(.770)

QASROD-FHL Y = .380 + .584&x
(.745)

QASROD-IRWIN Y = =,227 + 1.337Xx
(.718)

QASROD~YAK Y= =-.470 + 1,.360X
(.540)

QASROD-HOOD Y = .420 + ,.458Xx
(.78¢)

KOREA-FHL Y = 037 + .957x
(.956)
(.800)

KOREA-YAK Y= -,828 + 1.523x
(.323)

KOREA-ROOD Y = .108 + .729X
(.948)
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As previously discussed, since many criticel measures of
effectiveness and performance (MOEs/MOPs) are dependent on
intervisibility characteristics, there exist relationships
between intervisibility conditions and corresponding
measured performance. Determining these relationships for
particular MOEs/MOPs in a chosen scenario is not the purpose
or in the scope of this paper; however, two hypothetical
examples are provided in an attempt to motivate the
intervisibility transformation concept.

The first example concerns a test of two competing anti-
tank (AT) missile systems being tested at FHL. Suppose the
MOE being analyzed is maximum standoff engagement range.
System A has an advertised maximum effective range of 2000
meters, while a heavier and more costly system B has a
purported value of 2500 meters. Standoff range is important
to the survivabilitcy of an AT system, but increased range
capability is expensive in terms of system weight and
acquisition cost.

After conducting the test of the two systems, the mean
first opening range of engagements at FHL was found to be
1600 meters. At this point, one might conclude the increased
range capability of system B is not worth the additional
funds required to procure the heavier system, as engagements
over 2000 meters seem to be rare. However, consider how the

two systems fare when compared at Fulda Gap instead of FHL.

52

- R G E B B A Bt SR A An T &t 4 — — T & — o ——




Utilizing the transformation egQuation in Figure E.3, a mean
tirst opening range of 1600 meters at FHL is mapped to
approximately 2300 meters at Fulda Gap. Thus system A may
fall short of providing maximum standoff engagements at the
OCONUS site. This CONUS-OCONUS disparity becomes even more
pronounced when considering the two systems deployed in
Iran. Employing the transformation equation in Figure E.8,
1600 meters at FHL is mapped to approximately 2900 meters at
wasrod Dasht. This result further reinforces the need for
system B, which can engage targets at a greater standoff
range than system A.

A second hypothetical example includes testing of the
same two AT systems, but the MOE being considered is the
number of successful target engagements, given that the
target is in range of the AT sysatem. System A requires a 25
second firing window of uninterrupted visibility boéwoon the
AT system and the target for a successful target engagement,
while system B requires only 15 seconds. Assuming target
speeds of 15 meters per second, system A must have in-view
segments of 375 meters to make a successful engagement.
System B needs only 225 meters. During the test at Yakima
Firing Center, the mean in-view segment length is found to
be 600 meters. Both systems can easily make successful

engagements with the large segment lengths available.

However, transforming the results to Fulda Gap, the mean |
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in-view segment length is approximately 340 meters. (Figure
E.1l) System B can still accomplish successful engagements at
that short of a segment length, but system A often cannot.
In both of the abo;e hypothetical examples, the
importance of transforming results to- OCONUS sites 1is
demonstrated. Actual operational tests provide similar
though perhaps more complicated comparison opportunities for

many MOEs/MOPs.

H. CONSISTENCY WITH PREVIOUS STUDIES »
Since this study was conducted over some of the same

general geographical areas as previous studies, a comparison

of results was conducted. The studies selected for

comparison to this study include the TETAM study and the
Tactical Terrain Intervisibility Classification Study. Singe
the three studies do not completely overlap in the analysis
of the same terrain, there are several gaps in the
comparison.

Table 7 provides comparisons for the Fulda Gap area,
while Tables 8, 9, and 10 provide similar statistics for
Fort Hunter Liggett (FHL), Cheorwon and Munsan South Korea,
and Qasrod Dasht Iran. Highlights of the comparisons follow.

Comparisons of means between this study and the Tactical
Terrain study are favorable for in-view segments and average

PLOS, but not foz 1@ other three statistics. This is due to
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the restriction of maximum force separation of 4000 meters
in this study, causing mean out-of-view segments, and first
and expected opening range means to be smaller. The Tactical
Terrain study had no such restriction imposed, opening the
possibility for long range observations. Means for the
Tactical Terrain Study are provided in intervals, as these
statistics were recorded separately in that study for the
Hunfeld and Fulda regions. The TETAM study in-view seqgments
show a smaller mean and standard deviation than does this
study, possibly due to the foliage and meteorological
conditions experienced in the spring and early summer when
the TETAM test was conducted. The current study and the
Tactical Terrain study utilized a 100 meter visibility
distance through vegetation, which could account for some of
the difference.

Statistics in Table 8, the comparison for Fort Hunter
Liggett (FHL), show surprisingly close values for average
PLOS between this study and TETAM. In-view segments for the
TETAM study show a significantly smaller mean and standard
deviation, again probably attributable to the réasons cited
above.

Since the TETAM study did not include South Korea, Table
9 only prnvides comparison of the current study and the

Tactical Terrain study. Bounded intervals are employed for
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the Tnctical Terrain study means as the values for Cheorwon
and Munsan were computed separately. Mean in-view and out-
of-view segments, and mean PLOS are reasonably close between
the two studies. First opening range and expected opening
range are dissimilar, again due to the same 4000 meter
reétriction. Comments for Table 10, the Qasrod Dasht Iran
scenario are identical to the above comments for South
Korea.

Although results from the three studies discussed were
not found to be identical, the closeness of in-view and out-
of-view segment 1lengths and PLOS between studies 1is

encouraging.
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IV. EXPERIMENTAL RESULTS SUMMARY

In this study, comparisons of intervisibility statistics
were performed between all possible combinations of CONUS
test sites and selected overseas deployment sites. CONUS
test sites included Fort Hunter Liggett (FHL), Fort Irwin,
Fort Hood, and Yakima Firing Center; while the Fulda Gap
area of West Germany, Qasrod Dasht, 1Iran, and the
demilitarized zone of South Kores made up the overseas set.
The intervisibility statistics, mean in-view and out-of-view
segment length, mean first and expacted opening range, and
probability of 1line of sight (PLOS), were generated by a
computer-simulated attack of a Warsaw Pact reinforced
motorized rifle company against a U.S. mechanized infantry
platoon defense.

Gross comparisons of the scenario sample means and
standard deviations, Tables 1 and 2, and box plots of the
distributions, Figures 3.4 to 3.7, revealed significant
correlation between Fulda Gap, FHL, and Fort Hood. Results
of chi-square goodness of fit statistics and Smirnov
statistics (Tables 3,4), suggest greatest similarity between
Fulda Gap and FHL. Graphical plots in Appendix B also
support this finding.

The Qasrod Dasht intervisibility characteristics were

found to be guite close to those of Fort Irwin, both in
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gross comparisons and statistical measures. Graphs displayed
in Appendix C clearly show Fort Irwin as the front-running
competitor for intervisibility macching with Qasrod Dasht.

A highly homogeneous CONUS test site/overseas site
combination discovered during the conduct of the study, was
FHL/South Korea. Throughout all phases of comparison: gross,
statistical, and graphical, this combination showed the
closest match.

Since it is doubtful that a CONUS test site/overseas

site optimum combination can be routinely utilized, the

concept of extrapolation of intervisibility results was
developed. Extrapolation of results is desirable even for
reasonably matched scenarios, although the changes are not
as pronounced as for those poorly matched. The
transformation equations derived from a series of least
square line fits are included in Table 6. Appendix E
provides graphical information showing how much validity one
may place on the provided transformation equations. The
Fulda Gap/FHL, Qasrod Dasht/Fort Irwin, and South Korea/FHL
combinations have nicely fitting least square lines with few
outliers for almost all related intervisibility statistics.
The suitability of other transformation egquations must be
gauged on an individual basis by examination of the 1least

square line fits.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS
. With reference tc the objectives of this study, CONUS-
OCONUS intervisibility comparisons were accomplisheaq,
although the amount of available overseas digitized terrain
was limited. Transformation functions were developed which
: can approximate OCONUS intervisibility conditions given the
i results of a CONUS test. The comparison and transformation
E methodology provided may be applicable to larger scale
f studies conducting analysis of more varied overseas terrain.
| In no way does this s3tudy promote the hypothesis that
all operational testing of U.S. Army systems should be
conducted solely at Fort Hunter Liggett and Fort Irwin,
since these test sites compared most favorably with the
three OCONUS sites considered. Deficiencies with this
hypothesis are listed below. First, no scientific
method for selection of OCONUS terrain was employed as no
U.S. Army approved set of OCONUS terrain is available.
Ideally, this set should be derived from an updated threat
assessment of OCONUS areas of national concern, and should
ultimately include an optimum mix of terrain the Army

expects a particular system or unit to fight on.

Second, trafficability, meteorological conditions, and

differing scenarios were not considered in the results of
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this study. Concerning trafficabilicty, a weaspon system must
physically get to where intervisibility with an enemy system

exists to ensure valid results. Similarly, a system situated

where intervisibility exists with an enemy force, will *
experience intervisibility degradations due to weather
conditions. Both trafficability and meteorological
conditions may vary greatly from region to region, and

should be considered while conducting CONUS-OCONUS site
comparisons.

Rega.ding the restrictions on terrain, force structure,
trafficability, and meteorological conditions, Fort Hunter
Liggett was found to have the closest intervisibility
conditions of any current CONUS test site to Fulda Gap and
the DMZ area of South Korea. The same can be said about Fort
Irwin and the Qasrod Dasht region of Iran. The
methodology described and enacted in this study can be
expanded and utilized to first select the operational test
sites with the closest intervisibility conditions, then
extrapolate the results of testing to OCONUS sites of

interest.

B. RECOMMENDATIONS
The following recommendations are made for further

investigation and study:
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1. Develop a Department of the Aramy approved set of
overseas deployment sites on which tested systems are
expected to operate. This would serve as the
centralized base set of OCONUS terrain to be utilized
in CONUS-QCONUS comparisons with digitized terrain.

. 2. Determine the correlation between critical MOEs/MOPs
for a specified operational test and the
intervisibility statistics digitally produced by the

. TRP-GSX program.

3. Develop trafficability and meteorological condition
comparison procedures and transformations similar to
the intervisibility comparison procedures and
transformations proposed in this paper.

:
i
|

4. Combine intervisibility, trafficability, and
meteorological results to determine closest CONUS-
OCONUS site comparisons, and to facilitate
extrapolation of results from CONUS sites to different
operational sites.

5. Conduct experiments on the extrapolation of results
] concept. For experiments ccnducted at two sites,
attempt to transform the results of each site to the
other. Once this has been accomplished, compare these
results with the computer simulated trlncforu\ation
results described in this study.




APPENDIX A
EMPIRICAL CDF PLOTS
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QASROD DASHT IRAN/FT IRWIN

QASROD DASHT IRAN/FT HUNTER LISGETT
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FORT HUNTER LIGCETT SCENARIO

FULDA GAP STENARIO

COMPARISONS OF FULDA GAP AND CONUS TEST SITES

APPENDIX B

r WY SR TN N AN VNN W VR W |
L)) 0 *0 T 0
S01 40 80Ud

o' L L] L) ] o
SO7 4O 80N

YAKIMA FIRING CENTER SCENARIO

FT IRWIN SCINARIO

2000
RANGE SN MZTERS

1029

78

Figure B.l Probability of Line of Sight Distributions

L_mgwwm. WA TR RYLA ML SWAF W MMIRAL N AR NANA P NASUA TV MR WAPR MAM A



SUOTINGTIISTE IYBTS JO JUTT JO

A3trIqeqoad z°g ainbra

”0 ”0 o
SO1 JO Q0N

9o

0

ORIVNZIS QOOM L4

OiNYN3JS dv9 vaind

90 v T0

S01 JO a0yd

79

- e e e e e e A moes P med B S GRS ewd B MR W A B A A Rk B




sjuambas MaIA-ur ueay Jo 3014 O-O reorirdug ¢°g 2inbrg

(Su313A) SooM i (SU=L2M) ¥31N2O ONes Y
[ 4} [ ] 000z ocectL

009¢ 00y 00CE
[] ’

'l
000
oce

vaing

oo\
(SuaLIN) dvD waing

oui
(SHam) ave

'
008
4
0aa

COH L4/dvd YCI4 ¥3UN3D ONELS YNXVA/GYD YOI

(S¥2_ZA) L3997 yaINNM o4
205z 00z o961 000Gt cos
. 1) . r] ]

Ik ST

2 I
[T
(Su31) @vo vaing
0084 [T
(Sd31IN) ovO vany

NN L4/dvD TN 13201 SA:NH Ld/6vD vaINS

80




gjuaubas matA-ul uvay Jo uostredwod y°€

SION
05T 000¢ 0953 0001
v

g ™ .—, -

OCCH L4

S¥2:3m

07T <oz 0054 0C0:

L3I0 ¥IINAH L4

N

i R T |

e

2v08 Y0INs

ainb13
S¥IGA
0057 [ 24 L 213 ocT) 0cs
3 1§ v L4 A
H
B ). |
2y
BRI YR
4
L -
Y L2
S35
005z 0C0Z ocst 0csi m
2 v n - 7 -
: _ — ]
_ |

A DR U G |

SIkinvs 30 ON

8l




s3uswbas MATA-JO-INQ Ueay 3o 3074 O-0 Teorirdwg ¢-g 21nbly

(Sy3L=m) 00OH 4
0ocsT 000Z aosL 0001

00CH 14/dvd valid

(SHIIN) MMt L3
o 0002 000t
L3

' '] [l I
[+ 0} 0Q0L 005
(SH3LIN) dvo vand

-1
0002

A
0062

‘ 0 g T

NI L4/dvD vaIndy

A
W5

0001 00§

(SUMIN) ovo va g

Q062 005}

(Sy3L3) HIINSS DN VIOVA
0002 ocs ! occL

00%

T ¥ L

¥3INIO ONINIY YDMYA/GYE vaiNd

(SE3SA) LIS590 ¥IINAH 1o
accz Q03¢ 118

A -
Oounl oS

4
0051

4
(SuaLM) davd vanl

bel4

d
004%

113991 ¥3IINNS L3/dvS vand

000t 009

51

(SH3LIN) V9 VaIN4

ovaz

00s2




ot . S — T R ——

sjuawbag MaTA-JO-IN0 ueay jo uostiedwo) 9I°g a2inbtg

SH3LIN . SYILEN
coce 0002 ocon 0 000¢ 0002 0001 o
. T " —.... T o q_ 5 T ] —_ T ?

I LI |

[ 1 N - —
PH -
3 1 3
Izm m
| ¢ Ff 1°¢
J w3 4
m =
[} 7]

i i 1.

EES
4 4
Ld e — 4>
YIINID ONINIS YINNVA NiIMYI 1 i

SYZIIN SYILSA

coxt 2002 0031 o 05es ocoz H coG1 _oo
_ S g ~ ..—_ ] 1 _ _—
HIHININIE IR RS

|
i o i _l_ LLLi] mL|_-..
i ; 1 _
| _ __ 4 3 4 8
L HRIEN 3
- J 4= = 4N
. OM ..W-
v n ]
4= M I
[+
ﬁ L] L A.M LJ ;’
L3991 F3:NNH L2 dvS vand

83

A A N e AL AR T A ST M AN R AN TRUATEL A ATIEAYE A ALY LA TR A A AN IR I A A B [ 8 2.8 % <y I} oV




abuey butuadp 3Isi1T3 ueay jo 014 O-O

(Sy3L5M) COOH L4

GOOH L4/dvD vaInd

(S¥2L3) N 12

Teotatdug ,°g ainbig

(SY2L3A) YZINID ONRSIE YADIVA
200t ocoz

ooot

0001

0002
(Sy313N) av9 vaIng

A
0o0ot

003r 0002 0002 000"

NIMYI Li/dvD vaIng

] i L LA L)

Y3INIS SNRILS VIIIVA/dYD vl

(SYZL3N) 1139917 H3INDH U
S0CE [2,9107 4

i

000

0002

(S¥213N) avo vainy

ooag

-
“

(SH313N) dva vang

3
000¢

1 R4 +

L1359 HIINNH L4/dvD vand

9
o

ooz

(SeLINY &vO vaInd

ot

84

I —— ———— - —— S | L o o8 e A1 22T Al e o Bk o M oot o o e a -~




obuery Hutuadp 3Isity uEdR JO uostieduo) 8°€ 21nb1g

SY33N SY3LIN

000¢ 000Z 0001
¥ ] + ‘__

| S
—
=

 —
—]
—

—

14

=
g
3
g
18

L
|
4
SITUNVS 40 ON
I
’
ST LIS 4N ON

i
£
N
9

85

aodH L4 Nitad 14

000¥ 00T ‘ 00T 005t

St
g

o
\

3

$3%InvS 40 ON
'
SIINYS JO ON

i
L
4
t

C
A
T

L . L du

LIZSOIT Y3EINAH L2 avd <0413u

TR R B
o RPN




abuey Hfutruadp paizoadxg uesy jJo 30Td 0-0 teorardus g°g a2inbig

000 0051 0001

(Su313N) dvd vana

QouE  00SZ

COCH L4/dv9 ¥GN5

(SU2A) i o4

00C!

covE 00$Z ocoz Ll

NUAYI L3/avO vaind

Rt

1
0001

1 )
00z  00SI
(SU3LIN) avo vaIng

0062

1
oot

(SY2L3iv) YIINZD ONILY YIIVA

[+ *L TS ) o] )

0ung

114
(3u313N) gvo vaind

Quug

YIINZD ONN'S VIINVA/JVS vaTNd

(S¥2U3NW) LE9S1T ¥IINPY 14
00sZ 005Z osS1 v, 00

0001

anne

;13
(5a3131) VO vay

ooog

LI3SSN Y3UINNH 14/4v9 va35d

86

|

.

I Tred Saind S hd SwrSiee Sl S0 RO AT A0 S M eh P W ey S0 S A S-S RN SR A SR A SARA AN SR AR-AA PU M AR Rd NS S8ina S A SR il M. w




SYIiSA
0cor [+ 14 000T 0031 0001
T i T #u _ ol °
4 8
4
L) L - lm
1 .
1 .
Qo0H L
SY=3N
ocCT (L 14 acet Coot °

nﬁﬂ
|

Il

13920 ¥AUNNH L3

=
3
S31dMVS 10 ON

<

0007 0052

SN3I3N

abuey butuadp pajzoadxz ueay jJo uostiedwo) (r1°€d 21nb1J

0001

0CCe 00ST

NIM3! L4

SEZEA
0092 005!

0091

I

T

T
WAL

dvd von2

3

z

i

SIIMVS 4O ON

STLIAVS JO ON

87

- ERARABNARBNAAR SN AALMAS LA LAY S LN RINE

— -




APPENDIX C
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APPENDIX D
COMPARISON OF SOUTH KOREA AND CONUS TEST SITES
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APPENDIX E

FITTED PLOT

3 OF FULDA GAP, QASROL DASHT, IRAN,

SOUTH KOREA AND CONUS TEST SITES
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